Study Design. A retrospective cohort study. Objective. The objective of this study is to compare the radiographic and clinical outcomes of transforaminal lumbar interbody fusion (TLIF) with bilateral facetectomy (BF) versus unilateral facetectomy (UF). Summary of Background Data. BF is a surgical technique utilized with the intent of creating a greater degree of segmental lordosis than UF alone. However, the clinical benefits of this technique have not been defined. We seek to determine whether a difference exists between bilateral versus UF during TLIF by utilizing both clinical and radiographic outcome measures. Methods. The electronic medical records of 57 patients who underwent single-level TLIF with either a UF (n ¼ 28) or BF (n ¼ 29) were reviewed. Clinical outcomes were measured through Patient Health Questionnaire-9 (PHQ-9), Pain Disability Questionnaire (PDQ), EuroQol 5 Dimensions (EQ-5D) Health State, and Quality Adjusted Life Year (QALY). Radiographic parameters including disc height and sagittal balance were measured on plain radiographs at 1 year following operation. Results. All radiographic parameters showed no significant differences between the UF and BF cohorts. Segmental lordosis increased significantly in both cohorts. However, there was no significant difference in the increase of segmental lordosis between cohorts. Overall lumbar lordosis did not increase significantly in either cohort. Perioperative complications were also similar between cohorts. PDQ and EQ-5D scores improved significantly in both cohorts at 1 year postoperatively. The BF cohort showed a significantly greater improvement in both EQ-5D (0.1 AE 0.2 vs. 0.3AE 0.2, P ¼ 0.01) and PHQ-9 scores (-0.8 AE 4.6 vs. 4.6 AE 5.2, P ¼ 0.03) than the UF cohort. The PDQ score improved over the minimally clinical important difference (MCID) of 26 in only the BF cohort. Conclusion. The findings in the present study demonstrate that BF during single-level TLIF improves clinical outcomes to a greater degree than UF without any notable differences in perioperative complications or radiographic measurements.
S
pine surgeons commonly use posterior lumbar interbody fusion (PLIF) and transforaminal lumbar interbody fusion (TLIF) to treat various degenerative lumbar spine disorders. The TLIF approach has the advantages of minimizing traction on the nerve root and dura, a lower rate of neurological injury, and a lower risk of complications. [1] [2] [3] [4] [5] [6] Previous studies have demonstrated that TLIF achieves good clinical outcomes and high fusion rates while providing mechanical stability and segmental flexibility. 4, 7 The transforaminal approach typically involves exposure of the disc space by resecting a single facet joint. [7] [8] [9] [10] However, some spine surgeons remove the facet joints bilaterally in order to theoretically increase segmental and possibly overall lumbar lordosis. Past biomechanical studies have shown that removal of bilateral facets can be used to correct sagittal imbalance by restoring lumbar lordosis, which may improve undue stress and exhaustion of lumbar postural muscles, prevent or lessen adjacent segment degeneration/ disease, and thereby decrease fusion-associated morbidity. 11, 12 Jagannathan et al. 13 attributed the implementation of bilateral facetectomies as a key reason to achieving Ã greater restoration in lordosis during TLIF, stating that it permitted improved lordosis intraoperatively, similar to a posterior column osteotomy. Moreover, Zhu et al.
14 postulated that performing bilateral facetectomies reduced the stiffness contributed by the joints themselves and allowed for improved visualization of anterior structures for any necessary releases. Although the aforementioned studies demonstrated bilateral facetectomy (BF) during TLIF to improve postoperative lordosis, TLIF with unilateral facetectomy (UF) was not compared. Several studies have shown that UF during TLIF significantly improves postoperative lordosis 15, 16 ; however, no study has directly compared both techniques. Furthermore, outcome studies have not been conducted to assess which technique is more advantageous in achieving greater clinical outcomes. By increasing lumbar lordosis, surgeons hope to improve clinical outcomes through decreasing the mechanical demand placed on vertebral segments adjacent to the fusion. We hypothesize that BF during TLIF should improve postoperative segmental and total lordosis to a greater degree than UF and thereby lead to better clinical outcomes.
Given the lack of evidence regarding the utility of BF versus UF during TLIF and the commonality of both techniques, we seek to better compare the benefits of each procedure. In doing so, we hope to improve health-related quality of life (HRQOL) outcomes, lower rates of revision operation, and decrease costs to the health care system.
METHODS

Study Sample
A retrospective review was performed of patients who underwent single-level TLIF surgery at a single tertiary care center between 2009 and 2014. The electronic medical record was queried to identify patients who fit the study criteria. Only those patients who had completed both preoperative and postoperative HRQOL assessments and had plain radiographs of the lumbar spine before operation and at 1 year postoperatively were included in this study. Patient demographic information including age, gender, race, body mass index (BMI), medications, history of spinal trauma or surgical intervention, and smoking status/history were collected. Operative information including operative time, blood loss, and complications were also collected. Patients younger than 18 years of age were excluded from the study on the basis of skeletal immaturity. Other exclusion criteria included previous spinal tumor, trauma, or infection as a primary etiology of lumbar disease. Patient information and data were securely collected and managed using Research Electronic Data Capture (REDCap). 17 Those selected for the study were divided into groups on the basis of operating surgeon. Two surgeons were identified who always perform BF during TLIF and seven surgeons were identified who always perform UF during TLIF.
Health-related Quality of Life
HRQOL scores including Patient Health Questionnaire-9 (PHQ-9), Pain Disability Questionnaire (PDQ), EuroQol-5 Dimensions Health State (EQ-5D), and Quality-Adjusted Life Year (QALY) were acquired. Patients who did not complete these HRQOL questionnaires were excluded from the study. These data are prospectively collected using our institution's Knowledge Program, which captures patientreported, disease-specific health quality measures. The PHQ-9 questionnaire is used to assess for presence and severity of depression. 18 The EQ-5D is an estimate of QALYs. The MCID used for each questionnaire 1 year postoperatively was as follows: PDQ (26), PHQ-9 (5), and QALYs (0.4).
19,20
Radiographic Parameters
An independent reviewer (VJA), who was blinded to the operating surgeons involved in the study, performed measurements of the sagittal balance parameters. Parameters including pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis (LL), and segmental lordosis (SL) were measured preoperatively and at 1 year. Lumbar lordosis was measured by Cobb angle between the superior endplate line of L1 and inferior endplate line of L5. SL was measured by the Cobb angle between the cranial endplate of the superior fusion segment and the caudal endplate of the inferior fusion segment. The disc height, as described by Leivseth et al., 21 was measured perpendicularly from the midpoint on the drawn bisectrix connecting the midplanes of the anterior and posterior disc heights. The disc height between the vertebral segment rostral to the operative segment and the disc height between the vertebral segment caudal to the operative segment were measured in each radiograph.
Statistical Methods
All data were analyzed using JMP 11.0 (2010; SAS Institute Inc., Cary, NC). Descriptive statistics summarizing patient demographics were presented as means and standard deviations or counts with percentages, as appropriate. Paired t tests were used to determine significance in the pre-to postoperative HRQOL score changes. Paired-sample t tests were also used to compare the preoperative and postoperative radiographic parameters. A P value 0.05 was considered to be statistically significant.
RESULTS
A total of 57 patients were identified on the basis of inclusion and exclusion criteria. Demographic data are presented in Table 1 . The BF cohort was statistically significantly older than the UF cohort (58.2 vs. 65.0, respectively; P ¼ 0.01). However, there were no other significant differences in demographic data between the two cohorts.
The indications for TLIF are reported in Table 2 . The most common indication for both cohorts was spinal stenosis. The most commonly treated level was L4-L5 [UF: 14/28 (50%) vs. BF: 15/29 (52%), P ¼ 0.6] followed by L5-S1. Sixteen operations in both cohorts were performed with the addition of a posterior lumbar fusion (PLF) ( Table 2 ). There were no significant differences in postoperative complications between both cohorts.
Postoperative measurements of radiographic parameters are reported in Table 3 . SL increased significantly in both groups. In the UF cohort, SL improved from an average of 15.38 AE 3.5 to 21.98 AE 12.4 (P ¼ 0.01), while the BF cohort improved from an average of 17.18 AE 6.9 to 23.38 AE 11.1 (P ¼ 0.01). There was no significant difference in the change of SL between both cohorts. Notably, overall lumbar lordosis did not increase significantly in either the UF or BF cohort. Pelvic tilt decreased significantly in only the BF cohort (BF ¼ 25.78 AE 8.5 to 218 AE 6.7, P ¼ 0.02), while sacral slope increased significantly in only the BF cohort (37.78 AE 9.2 to 42.98 AE 10.3, P ¼ 0.05). As expected, there was no significant change in pelvic incidence within each cohort. Disc height measurements are reported in Table 4 , which showed no significant differences between both cohorts.
In the UF cohort, PDQ scores improved from an average of 90.2 AE 23.7 preoperatively to 67.9 AE 32 1 year postoperatively (P ¼ 0.04). In the BF cohort, PDQ scores improved from an average of 86.2 AE 22.6 to 49.5 AE 25.1 (P < 0.001), while PHQ-9 improved from 8.5 AE 5.9 to 3.9 AE 2.7 (P < 0.01). PHQ-9 scores improved significantly more in the BF cohort than in the UF cohort (À0.8 AE 4.6 vs. À4.6 AE 5.2, respectively; P ¼ 0.03). Furthermore, only the PDQ score in the BF cohort met the MCID of 26, thereby demonstrating a clinically meaningful improvement for patients. EQ-5D scores improved significantly in both cohorts 1 year postoperatively (Table 5) . EQ-5D scores at 1 year were significantly greater in the BF cohort than in the UF cohort (P ¼ 0.02) and the improvement in EQ-5D scores was significantly greater in the BF cohort (P ¼ 0.01).
DISCUSSION
The radiographic and HRQOL implications of BF during TLIF are poorly characterized in the literature. Although previous studies have shown BF to improve sagittal balance, 13, 22, 23 there have been no studies comparing these sagittal balance benefits to UF. To our knowledge, this is the first study to investigate the clinical outcomes of performing a BF during TLIF compared with the traditional method of removing one facet joint.
We hypothesized that BF during TLIF would improve postoperative segmental and total lordosis to a greater degree than UF, thereby leading to better clinical outcomes in the BF cohort. Our results show that both techniques achieve significant improvement in HRQOL scores 1 year postoperatively. However, the BF cohort achieved a greater improvement in both EQ-5D and PHQ-9 scores than the UF cohort. Moreover, those patients receiving BF during TLIF exceeded the MCID of 26, which was not achieved in the UF cohort. Interestingly, operative blood loss and operative time were similar between both groups. A previous study by Kasis et al. 22 found that BF substantially increased exposure within the immediate operative field, thereby reducing operative time by providing a rapid and complete access to the disc space. Such a phenomenon may explain why BF, despite being an inherently more invasive procedure than UF, showed similar results to UF in terms of operative time and blood loss. These results suggest that BF carries added benefit compared with UF in achieving the greatest postoperative outcomes without significant perioperative comorbidity and operative time, and thus should be considered as a potential alternative to traditional UF when performing single-level TLIF.
The clinical superiority of BF during TLIF is likely multifactorial. Bilateral total facetectomy permits a complete foraminal decompression of each exiting nerve root, which, if left untreated, may be a cause of postoperative radicular pain and poor QOL outcomes. In addition, a study performed by Talia et al. 24 concluded that BF during TLIF may improve clinical outcomes due to removal of pain-causing structures such as the facet joints themselves. Such a phenomenon could be contributing to the improved outcomes with BF seen in the present study.
It is well recognized by the spine surgery community that spinal sagittal balance is an important variable when planning surgical treatment. A loss of lordosis during lumbar fusion can lead to degeneration of the segments adjacent to the fusion, which is an important cause of postoperative pain and disability. [25] [26] [27] Restoration of lumbar lordosis can allow for a more natural sagittal balance leading to decreased sheer force on adjacent segments, fewer degenerative changes, and improved clinical outcomes. 11, 28, 29 In the present study, we measured and analyzed spino-pelvic parameters to determine whether UF or BF during lumbar fusion affects the degree of sagittal balance and the rate of adjacent segment degeneration. Although previous studies looking at TLIF with bilateral facetectomies showed significant overall lordosis correction, 13 23 found similar results in their retrospective study of 42 patients who underwent TLIF with BF. The authors achieved an improvement in SL of 9.88 for single-level fusions. In the current study, there was no significant improvement in overall lumbar lordosis despite a significant improvement in SL at the level of TLIF. Similar findings have been demonstrated in several previous studies investigating BF during TLIF. [30] [31] [32] Further, a retrospective study of 58 patients by Melgar et al. 32 concluded that insignificant changes in postoperative total lumbar lordosis are unlikely to have a significant effect on clinical outcomes. In contrast, several studies have demonstrated improved clinical outcomes with increased sacral slope postoperatively. A retrospective study of 83 patients by Kumar et al. 33 determined that a lower sacral slope was associated with development of adjacent segment disease postoperatively. The authors concluded that a lower sacral slope was an indicator of increased postural extension of the hips, thereby providing decreased potential for additional hip extension that is important for negating biomechanical stress on the lumbar spine. Furthermore, in a retrospective study of 81 patients by Lazennec et al., 34 the authors found that a lower sacral slope after lumbar fusion was also associated with postfusion pain. In the current study, we found that sacral slope increased significantly in only the BF cohort. Thus, it is possible that the greater improvement in clinical outcome in the BF group could be accounted for, in part, by the greater increase in sacral slope achieved with bilateral facet resection. However, further studies are needed to validate or refute this finding.
As with any study, there are inherent limitations to the current work. This study was retrospective in nature and nonrandomized with a relatively small sample size and 
CONCLUSION
A radiographic and clinical comparison between BF and UF during TLIF is presented. BF is a safe and appropriate surgical option to employ during TLIF that provides greater clinical benefit than UF. These promising preliminary results can, perhaps, be used to guide surgical decision-making and spur longer follow-up studies with larger sample sizes to better understand the benefits of this technique over traditional UF during TLIF.
Key Points
Bilateral facetectomy during TLIF is performed for its purported benefits of increasing segmental lordosis to a greater degree than unilateral facetectomy alone. However, the perceived clinical benefits of this technique have not been well studied. Bilateral facetectomy during single-level TLIF did not show any differences in increased operative time, blood loss, or intraoperative complications compared with unilateral facetectomy. Our results demonstrate that bilateral facetectomy during single-level TLIF can lead to greater health-related clinical outcomes than unilateral facetectomy.
